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𝑃𝑃 Average applied pressure at the permeate (bar) 
𝑃𝑅 Average applied pressure at the retentate (bar) 
𝑃𝑠ℎ𝑒𝑙𝑙 Initial pressure at the shell side (Pa) 
𝑃𝑠ℎ𝑒𝑙𝑙_𝑜𝑢𝑡𝑙𝑒𝑡 Pressure at shell outlet (Pa) 
xxi 
𝑄𝑙𝑢𝑚𝑒𝑛 Lumen inlet flow rate (mL/s) 
𝑄𝑚𝑠 Mass source term (kg/(m
3.s)) 
𝑄𝑠ℎ𝑒𝑙𝑙 Shell inlet flow rate (mL/s) 
𝑟 Radial coordinate from the centre line of membrane (m) 
𝑅 Universal gas constant (8.31415 J/(mol.K)) 
𝑟1 Inner radius of lumen (m) 
𝑟2 Outer diameter of lumen (m) 
𝑟3 Radius between the centre line of lumen to the inner wall of 
membrane shell (or open boundary layer at shell side) (m) 
𝑟ℎ Hydrodynamic radius of solutes 
𝑅𝑖 Reaction rate of solute i (mol/s) 
𝑟𝑃 Pore radius 
𝑅𝑝,𝑖 Rejection coefficient of the product i 
𝑟𝑠 Stoke’s radius of solutes (m) 
𝑅𝑠 Rejection coefficient of the substrate 
𝑅𝑇 Total membrane resistance coefficient 
[𝑆𝐴𝐶] Dimensionless saccharides (product and substrate) concentration 
[𝑆𝐴𝐶]|𝛤𝑛+1,𝑐𝑎𝑙𝑐  Calculated value of dimensionless concentration of saccharide at 
Γ=n+1 (n=1,2,3…) 
[𝑆𝐴𝐶]|𝛤𝑛+1,𝑒𝑥𝑝  Experimental value of dimensionless concentration of saccharide 
at Γ=n+1 (n=1,2,3…) 
𝑆𝑓 Separation factor 
𝑆𝑓,𝑖 Separation factor of solute i 
𝑡 time (s) 
xxii 
𝑇 Absolute temperature (K) 
𝑡𝑓 Duration of reaction at steady state (h) 
𝑢 Fluid velocity (m/s) 
𝑉 Partial molar volume of solute 
𝑉𝐺𝑎𝑙 Rate formation of galactose (M/h) 
ύ𝐺𝐴𝐿 Dimensionless rate formation of galactose 
𝑉𝐺𝑏𝑖 Rate formation of galactobiose (M/h) 
𝑉𝐺𝑙𝑢 Rate formation of glucose (M/h) 
ύ𝐺𝐿𝑈 Dimensionless rate formation of glucose 
𝑉𝐺𝑜𝑠3 Rate formation of trisaccharide (Gos3) (M/h) 
ύ𝐺𝑂𝑆3 Dimensionless rate formation of trisaccharide (Gos3) 
𝑉𝐺𝑜𝑠4 Rate formation of tetrasaccharide (Gos4) (M/h) 
ύ𝐺𝑂𝑆4 Dimensionless rate formation of tetrasaccharide (Gos4) 
𝑉ℎ1 Hydrolysis rate of trisaccharide (Gos3) (M/g-enzyme.h) 
ύℎ1 Dimensionless hydrolysis rate of trisaccharide (Gos3) 
𝑉ℎ2 Hydrolysis rate of tetrasaccharide (Gos4) (M/g-enzyme.h) 
ύℎ2 Dimensionless hydrolysis rate of tetrasaccharide (Gos4) 
𝑉𝐿𝑎𝑐 Rate consumption of lactose (M/h) 
ύ𝐿𝐴𝐶 Dimensionless rate consumption of lactose 
𝑉𝑚𝑒𝑎𝑛 Nominal velocity at the lumen or shell sides of membrane (m/s) 
𝑉𝑚,𝐺𝑎𝑙 Maximum rate formation of galactose (M/g-enzyme.h) 
𝑉𝑚,𝐺𝑙𝑢 Maximum rate formation of glucose (M/g-enzyme.h) 
𝑉𝑚,𝐺𝑜𝑠3 Maximum rate formation of trisaccharide (Gos3) (M/g-enzyme.h) 
𝑉𝑚,𝐺𝑜𝑠4 Maximum rate formation of tetrasaccharide (Gos4) (M/g-
enzyme.h) 
xxiii 
𝜈𝜊 Initial solvent convective velocity (m/s) 
𝑣𝜊,𝑐𝑝 Solvent permeation velocity in the presence of cake layer (m/s) 
𝜈𝜊,𝑖 Initial velocity of solute i (m/s) 
𝑉𝑇 The total reaction volume for activity assay (mL) 
𝑣𝑥 Fluid velocity at x direction (m/s) 
𝑣𝑦 Fluid velocity at y direction (m/s) 
𝑣𝑧 Fluid velocity at z direction (m/s) 
𝑉𝑧 Nominal solvent velocity at the lumen (m/s) 
𝑉𝑧_𝑙𝑢𝑚𝑒𝑛 Fluid velocity at the lumen side of membrane (m/s) 
𝑉𝑧_𝑠ℎ𝑒𝑙𝑙 Fluid velocity at the shell side of membrane (m/s) 
𝑉𝛽−𝐺𝑎𝑙 𝑠𝑜𝑙 The volume of β-galactosidase during activity assay (mL) 
𝑥 Space coordinate perpendicular to the membrane interface (m) 
𝑌 Dimensionless space coordinate (x/δ) 
[6𝐺𝑜𝑠3] 6′-O-β-(6-galactbiosyl)-galactose (mol/L) 
𝛼 Convective hindrance constant 
𝛼𝑖 Convective hindrance constant for solute i 
𝜀 Membrane porosity 
𝜀𝑒𝑥𝑡 Milimolar extinction coefficient of ONP  
[ℇ𝑇] Dimensionless total mass balance of enzyme components 
𝜉𝑐 Hindrance factor related to hydrodynamic coefficient 
𝜉𝑏𝑠 Dimensionless solidosity at the bulk solution 
𝜉𝑑 Hindrance factor related to lag coefficient 
𝜉𝑔𝑙 Dimensionless solidosity at the gel layer 
𝛿 Concentration polarization layer thickness (m) 
